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[57] ABSTRACT 

In order to provide a ball-and-roller bearing that has a 
longer life and which exhibits higher reliability than the 
prior art products not only under lubrication in the 
presence of foreign matter but also under lubrication in 
clean conditions, according to the present invention, a 
bearing material that contains 0.2 to 1.0 wt % of carbon 
and at least 1 wt % in total of one or more elements 
selected from among chromium, molybdenum and va- 
nadium is subjected to a carbonitriding treatment and a 
hardening heat treatment to make an alloy steel in 
which the area ratio of carbonitrides present in the 
surface layer of said bearing material per unit area is 
adjusted to be at least 10%, a maximum grain size of 
carbonitrides present in said surface layer being no 
more than 3 urn, the content of retained austenite (yjO 
in said surface layer being 25 to 45 vol and said 
surface layer having a surface hardness of at least 750 
H v. At least one of the races and rolling elements of the 
bearing is made of this alloy steeL 

4 Cairns, 6 Drawing Sheets 
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FIG. 3 
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BAXL- AND -ROLLER BEARING 

BACKGROUND OF THE INVENTION 

The present invention relates to a ball-and-roller 5 
bearing, more particularly, to an improvement in the 
life of ball-and-roller bearings that are to be used in 
transmissions, engines, etc, on automobiles, agricultural 
machines, construction machines, as well as iron- and Q 
steel-making machines. 

One of the factors that have heretofore been known 
to cause a shortened life of ball-and-roller bearings is the 
entrance of foreign materials into bearing lubricants. It 
is known that metal cuttings, shavings, burrs, worn 13 
particles and other foreign materials are present in lubri- 
cants for bearings. When ball-and-roller bearings are 
used in an environment that involves such foreign mate- 
rials, the latter will damage their races and/or rolling 
elements, thereby shortening their service life. The 20 
problem with this situation is that in the presence of 
foreign materials, the service life of bail-and-ro31er bear- 
ings is shortened to one-tenth of the case where they are 
absent from lubricants. 

Further, as in the case of pitting which occurs in the 25 
o automotive speed change gear wheels* specks of pits 
develop on the raceway surfaces or rolling contact 
surfaces of ball*and-roiler bearings due to the fatigue 
caused by rolling, thereby shortening the life of those 
bearings. Under the circumstances, Examined Japanese 30 
Patent publication No. 24499/198? and Unexamined 
Published Japanese Patent Application No. 34766/1990 
. have proposed that a heat treatment such as carburiza- 
tion be conducted on iow> tq medium-carbon, low-allpy 
steels to precipitate spheroidal carbides on their surface, 35 
thereby enhancing the hardness of their surface so that 
they will have better resistance to pitting. 

This prior art method which relies upon enhancing 
the surface hardness of the races and rolling elements of 
a ball-and-roller bearing is effective in reducing the 40 
formation of indentations due to foreign materials. On 
the other hand, the races and roiling elements will have 
lower toughness and cracking tends to develop at sites 
of damage that is caused by the foreign materials pres- 
ent in the lubricant; this has been the start point of early 45 
flaking, which therefore limits the extent by which the 
service life of ball-and-roller bearings can be prolonged, 

Ball-and-roller bearings are also subjected to cyclic 
shear stresses under high areal pressure and, hence, 
bearing materials are required to have sufficient 50 
strength to withstand the applied shear stress. To this 
end, high-chromium carbon bearing steels have hereto- 
fore been used. However 5 as the conditions under 
which bearings are used have recently become increas- 
ingly hostile, particularly in the case of lubrication in 55 
the presence of foreign matter, difficulty is involved in 
extending the life of bearings by merely increasing their 
mechanical strength, chiefly hardness. 

Under the circumstances, the following was previ- 
ously proposed in Unexamined Published Japanese Ap- 60 
plication No. 55423/1989: if the contents of carbon, 
retained austenite and carbonitrides in the rolling sur- 
face layer of a ball-and-roller bearing are specified to 
appropriate levels, the stress concentration that will 
develop at edges of indentation due to a foreign material 65 
present in the lubricant for the bearing can be reduced 
and the occurrence of cracking can also be suppressed 
to extend the life of the bearing. 
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According to that proposal, the life of the ball-and- 
roller bearing under lubrication in the presence of a 
foreign material can be improved by insuring that re- 
tained austenire will be present in an appropriate 
amount. On the other hand, the proposal involves the 
disadvantage that the retained austenite lowers the sur- 
face hardness of the bearing, thereby reducing its fa- 
tigue resistance. In other words, the proposal had room 
for improvement to establish the appropriate relation- 
ship between the retained austenite level (yjz in vol %) 
and the surface hardness (Hv). 

In addition, the proposal did not take into account the 
effects on the bearing's life of the particle size of car- 
bides and carbonitrides; in particular, large-size car- 
bides, if they are subjected to cyclic stress, will be the 
start point of fatigue, leading to the occurrence of 
cracking and flaking but this possibility was not at all 
considered by the proposal. 

To solve this problem, an inventor of the present 
invention previously filed U.S. Pat. No. 5,137,375, es- 
tablishing an optimal relationship between the content 
of retained austenite in the rolling surface layer of a 
ball-and-roHer bearing and its surface hardness. Fur- 
ther, the average particle sizes of carbides and carboni- 
trides present in the rolling surface layer were adjusted 
to optimal values so as to compensate for the decrease in 
surface hardness due to the presence of retained austen- 
ite, thereby providing a long-lived ball-and-roller bear- 
ing. 

The related art described in the U.S. Pat. No. 
5, 137,375 has had the problem that if the carbon content 
of a bearing material exceeds a certain ievel, macrocar- 
bides tend to form and that, therefore, carburization at 
high carbon concentration can result in the formation of 
macrocar bides on the surface, leading to a shortened life 
of the bearing. 

A further problem with the related art is that if the 
bearing material is subjected to a carburization treat- 
ment only, quenching must be done at elevated temper- 
ature in order to yield an appropriate amount of aus- 
tenire. However, if quenching is performed at elevated 
temperature, the content of fine carbides will decrease 
to such an extent that the precipitation hardening effect 
of the fine carbides cannot be fully attained. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished under 
these circumstances and has as an object providing a 
ball-and-roller bearing that has a longer life and which 
exhibits higher reliability than the prior art products not 
only under lubrication in the presence of foreign materi- 
als but also under lubrication in clean conditions. 

To attain the aforementioned object, the present in- 
vention provides a ball-and-roller bearing comprising 
races and rolling elements which is characterized in that 
at least one of said races and rolling elements is made of 
an alloy steel that contains 0,2 to 1.0 wt % of carbon 
and at least 1 wt % in total of one or more elements 
selected from among chromium, molybdenum and va- 
nadium, said alloy steel having been subjected to car- 
bonitriding and hardening heat treatment, such that the 
area ratio of carbonitrides present m the treated surface 
layer per unit area is at least 10%, a maximum grain size 
of carbonitrides present in said surface layer being no 
more than 3 jam, the content of retained austenire (yR) 
in said surface layer being 25 to 45 vol % t and said 
surface layer having a surface hardness of at least 750 
Hv, 
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BRIEF DESCRIPTION OF THE DRAWINGS jgjrf ^c^U^ ^ 

FIG. 1 is a graph showing the relationship between As a result, the present invention offers a bail-and- 

the surface carbon concentration (vol %) and the grain roller bearing that has a longer life and which exhibits 
ske of largest surface carbides (u.m) as obtained when a 5 higher reliability than the prior art products not only 

carburizing treatment was conducted at 930* C. for 5 h; water lubrication in the presence of foreign materials 

FIG, 2 is a histogram showing the grain size of car- hut also under lubrication in clean conditions, 

bides (urn) and their frequency (%) as obtained when a On the pages that follow, the mode of action of the 

carburizing treatment was conducted at 930° C for 5 h; alloy steel to be used in the present invention, as well as 

FIG. 3 is a histogram showing the grain size of car- 10 the criticality of the numerical limitations on that allay 

bides (urn) and their frequency (%} as obtained when a steel are described in detail 

carbonitriding treatment was conducted; 0.2 w ^ %^C^ L0 wt % 

FIG. 4 is a graph showing the relationship between Xt order to attain the hardness (HRC^60) necessary 

the quenching temperature (°C>) and the surface re- for a particular ball-and^roller bearing, at least 0.6 wt % 

tained austenite level (yR in vol % ) as obtained when a 15 of carbon must be contained in the surface of that bear- 

carburized bearing material was quenched by the con- When hardening the surface of a bearing material 

ventional direct method- ~ b >' subjecting it to a carbonitriding treatment, not only 

FIG. 5 is a graph showing the relationship between is tbe treatment time prolonged to increase the cost but 

the quenching temperature CO and the area ratio (%) the efficiency of the heat treatment is lowered if the 

of carbides present in the surface layer per unit area as 20 ^ rbon content of that bearing materia! is less than 0.2 

obtained when a carburized bearing material was wt % > ln Edition, the hardness of the core is insuffi- 

quenched by the conventional direct method; cient to prevent its plastic deformation and, hence, the 

FIG. 6 is a graph showing the relationship between llfe ° f * e b ? m fi 18 j ^ojtened. . 

the area ratio (%) of carbonit rides present in the surface _ u ° n the other 1 hand > / co ^ ent of carbon m th ^ 

layer per unit are, and its surface hardness (Hv) for the 25 * eann S m _ff^ ^eeds L0 wt % macrocarbides will 

retained austenire level (w0 ranging from 30 to 35 vol ^^^S 

- , , ^ u . . , . special preliminary heat treatment is performed prior to 

FIG. 7 is a graph showing the relationship between £ £ carbonitriding treatment As a further 
the gram size of largest carbonitrides (ftm) and the life 3Q } carbon and . * fee introduced {ntQ 
of beating (L 10 ) expressed in terms of the number of bearin ma±eria] ^ Qnl * inailffid<jnt when 
repeated stresses (m cycles) due to rolling under lutan- carbonitri ding is performed m the manner to be de- 
cagon w i clean conditions; scribed later in this specification. As a result, the pro- 
M9^m§^ Rowing the relations^ between portioTlsof carbon ^ nitrogen that are dissolved in the 
the retained austenite level (y* m vol %) in the races 35 matrix ^ e i owe red to form a nonuniform solid solution, 
and rolling elements of a ball-and-roller bearing and its which becomes a source of stress concentration, thus 
life (Liq) under lubrication m the presence of foreign kading tQ a shorten&d lifc of the ball-and-roller bearing. 
matter; For these reasons, the content of carbon in the bear- 

FIG. 9 is a graph showing the relationship between mg material to be used in the present invention is limited 

the retained austenite level (yx m vol %) in the races ^ to ]ie w i tn j n the range of 0.2 to 3.0 wt 

and rolling elements of a ball-and-roller bearing and its At least 1 % m total of one or more elements se- 

life (Liq) under lubrication in clean conditions; lected from among chromium, molybdenum and va- 

FIG, 10 is a graph showing the relationship between nadium 

the surface hardness (Hv) and the life of bearing (Lio) Chromium, molybdenum and vanadium are each a 

under lubrication in the presence of foreign matter; and 45 car t>onitride forming element and are added to promote 

FIG, 11 is a graph showing the relationship between the formation of fine carbonitrides which are to be 
the surface hardness (Hv) and the life of bearing (Lio) described hereinafter. These elements need be con- 
under lubrication in clean conditions, tained in amounts of at least 1 wt % r taken either indi- 
DETAILED DESCRIPTION OF THE viduaUy or in combination, 

PREFERRED EMBODIMENTS 50 From 331 economic viewpoint, chromium which is 

* ~ ,J ~ ~ comparatively inexpensive is advantageously contained 

According to the present invention, a bearing mate- j n an amount of at least 1 wt %. For the purpose of 

rial that contains 0,2 to L0 wt % of carbon and at least extending the life of bearings, it is preferred to add 

1 wt % in total of one or more elements selected from chromium in a certain amount as supplemented by the 

among chromium, molybdenum and vanadium is sub- 55 addition of molybdenum and vanadium, 

jected to a carbonitriding treatment, followed by a Details of the addition of chromium, molybdenum 

hardening heat treatment to make an alloy steel in and vanadium, including optimum contents thereof, are 

which the area ratio of carbonitrides present in the given below, 

treated surface layer per unit area is adjusted to be at 1,0 wt %^Cr^ l3.0 wt % 

least 10%, a maximum, grain size of carbonitrides pres- 60 Chromium (Cr) improves the quenchability of steels 
ent in said surface layer being no more than 3 nm, the and their resistance to tempering; at the same time, it 
content of retained austenite (7^) in said surface layer forms hard and Fine carbonitrides to increase the hard- 
being 25 to 45 vol %, and said surface layer having a ness of bearing materials. The effectiveness of chro- 
surface hardness of at least 750 Hv. If at least one of the miuin is marked if it is contained in an amount of 1,0 wt 
races and rolling elements of a ball-and~rOlier bearing is 65 % and more. However, if the Cr content exceeds 13,0 
made of this alloy steel, the contents of carbon and wt % t not only are the carbonitriding characteristics of 
nitrogen that must be dissolved 'in order to insure opti- the bearing material deteriorated but also other prob- 
mal levels of retained austenire (yi?in vol %) and carbo* lems occur as exemplified by impaired workability in 
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steps that precede the heat treatments. For these rea- 
sons, the chromium content is preferably limited to lie 
within the range of 1.0 to 13.0 wt %, 
0.5 wt %^Mo^3.0 wt % 

Like chromium, molybdenum (Mo) improves the 5 
quenchability of steels and their resistance to tempering; 
at the same time, it forms fine carbonitrides to increase 
the hardness of bearing materials, The effectiveness of 
molybdenum is marked if it is contained in an amount of 
0.5 wt % and more. However, its effectiveness will not 10 
increase even if its content exceeds 3.0 wt %. Hence, 
the molybdenum content is preferably limited to lie 
within the range of 0,5 to 3,0 wt %♦ 
0.2 wt %^V^2.0 wt % 

Like chromium and molybdenum, vanadium (V) 15 
improves the resistance of steels to tempering; at the 
same time, it forms fine carbonitrides to increase the 
hardness of bearing materials. The effectiveness of va- 
nadium is marked if it is contained in an amount of 0.2 
wt % and more. However, its effectiveness will not 20 
increase even if its content exceeds 2.0 wt %. Hence, 
the vanadium content is preferably limited to lie within 
the range of 0.2 to L0 wt %. 

For the reasons set forth above, the total content of 
one or more elements selected from among chromium, 25 
molybdenum and vanadium is specified to be at least 1 
wt %. 

Carbonitriding 

With a view to extending the life of bearings, the 
retained austenite level {jr in vol %) must be limited to 30 
lie within the range of 25 to 45 vol % while, at the same 
time, the drop in surface hardness due to the presence of 
retained austenite must be compensated. To this end, 
the bearing- material^ after it is subjected to carbdnltrid- 
ing treatments must be quenched by a direct method at 35 
an elevated temperature. 

However, if the quenching temperature is elevated, 
more carbon will be dissolved in the matrix whereas less 
carbon is available for carbides (carbonitrides); hence, 
the formation of carbides (carbonitrides) is reduced, If 40 
carburization is performed at a higher carbon concen- 
tration in order to increase the amount of carbon avail- 
able for carbides (carbonitrides), the generation of mac- 
rocarbides becomes a problem. 

FIG. 1 is a graph showing the relationship between 45 
the surface carbon concentration (vol %) and the grain 
size of largest carbide particles present in the surface 
layer as obtained when a carburizing treatment was 
conducted at 930* CX for 5 h. One can see from FIG. 1 
that when the surface carbon concentration was ca. 1.2 50 
vol % or more, especially ca. 1*4 vol % or more, the 
grain size of largest carbides present in the surface layer 
increased sharply to cause the precipitation of rnacro- 
carbldes. 

In the carbonitriding treatment, both carbon and 55 
nitrogen will be dissolved in the matrix. Therefore, 
even if the dissolution of carbon in the matrix is cur- 
tailed by an amount corresponding to the dissolution of 
nitrogen in the matrix, the surface harness that can be 
attained is the same as what is achieved by the carburiz- 60 
ing treatment. Thus, the carbon concentration is re- 
duced by a sufficient amount to inhibit the formation of 
macrocarbides. As a further advantage, the carboni- 
trides produced by carbonitriding are finer than the 
carbides produced by carburization and, hence, are 65 
effective in extending the service life of bearings* 

FIG. 2 is a histogram showing the grain size of car- 
bides Oxm) and their frequency (%) as obtained when a 



carburizing treatment was conducted at 9 30 6 C for 5 h 
(surface carbon concentration: 1.2%), and FIG. 3 is a 
histogram showing the grain size of carbonitrides (u,rn) 
and their frequency (%) as obtained when a carbonitrid- 
ing treatment was conducted. 

One can see from FIGS. 2 and 3 that the carbonitrides 
generated by the carbonitriding treatment were finer 
than the carbides generated by the carburizing treat- 
ment. It can also be seen that the frequency of finer 
particles is higher in the former case than in the latter 
case, demonstrating the ease of precipitation of fine 
carbonitrides which are advantageous for the purpose 
of extending the life of bearings. 

For the reasons set forth above, the bearing material 
is subjected to carbonitriding in the present invention. 
Hardening heat treatment 

Conventional carbonitriding treatments have chiefly 
been performed for the purpose of providing improved 
quenchability or solid-solution hardening with carbon 
and nitrogen. To this end, one only need insure suffi- 
cient amounts of carbon and. nitrogen to provide im- 
proved quenchability and perform solid-solution hard- 
ening with carbon and nitrogen; the common practice 
has been to perform direct quenching after carbonitrid- 
ing. 

FIG. 4 is a graph showing the relationship between 
the quenching temperature CO and the retained sur- 
face austenite level (yR in vol %) as obtained when a 
carburized bearing material was quenched by the con- 
ventional direct method; and FIG. 5 is a graph showing 
the relationship between the quenching temperature 
CC.) and the area ratio (%) of carbides present in the 
surface layer per unit area. 

One can see from FIGS. 4 and 5 that if the quenching 
temperature is increased in the conventional direct 
method, the retained austenite level (y^ in vol %) in- 
creases whereas the area ratio (%) of carbides present in 
the surface layer per unit area decreases. This is because 
more of the carbon is dissolved in the matrix but less 
carbon is available for carbides. The result is the same 
even if direct quenching is performed after the carboni- 
triding treatment. 

Under the circumstances, the present invention 
adopts the following hardening heat treatment in order 
to produce a greater amount of fine carbonitrides than 
in the conventional carbonitriding treatment* 

First, the temperature of a bearing material is lowered 
from the carbonitriding temperature below the point of 
Ai transformation (723° C). When the bearing material 
passes through point A\, nuclei for carbonitrides are 
formed. Thereafter, the temperature of the bearing ma- 
terial is elevated above point Ai (quenching tempera- 
ture) and held at that level until the size of the nuclei 
becomes smaller than 3 jam, followed by quenching and 
tempering. In short, the amount of carbonitrides can be 
increased by austenizing the bearing material at a tem- 
perature lower than the temperature for primary car- 
bonitriding treatment Further, the retained austenite 
level (77? in vol %) can be controlled by changing the 
nitrogen content, so an appropriate retained austenire 
level (yR in vol %) can be easily attained even at low 
austenizing temperatures. 

It should be noted that if the time period during 
which the bearing material is held above point Ai is 
unduly long, the size of carbonitrides becomes exces- 
sive. On the other hand, if the holding time is unduly 
short, the carbonitrides will grow only insufficiently 
and erratically to disappear eventually. Hence, depend- 
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ing upon the volume to surface area ratio (V /S) of races occurrence of cracking. The retained austenite in the 

and rolling elements of a ball-and-roller bearing, the rolling surface layer has another effect: if a member that 

holding time is preferably selected between the follow- passes over the indentation during rolling (e.g., the 

ing two cases: races in relation to rolling elements) makes relative 
V/S s s (small object): holding time = 20-30 min 5 passes exceeding a predetermined number, said retained 

Y , 9^ C - object > : n°l din S ttme=40-60 mm. austenite undergoes martensite transformation on ac- 

At least 10% m terms of the area ratio of carbonitrides count of the de f 0 rming energy as applied to the surface, 

present tn the surface layer per unit area whereby the rolling surface layer becomes hardened 

Preciprtafaor i hardening , by carbomtndw is effecttve ^ the m M o{ ^ beari under i ubrication in the 
in improving the surface hardness for a given retamed 10 presence of foreign matter is extended . 

austemte .level g*m vol %) FIG. 8 is a graph showing the relationship between 

FIG, 6 is a graph showing the relationship between ^+*;»*a ™7*+JLt~ >L, o?\ 
the area ratio (%) of carbonitrides present m the surface retamed l^fi* ™ ™* *? m . the r ^ fiS 
layer per unit area and its surface hardness (Hv) for the ™ lh ?* *? m f * ° f * ^allW-roller bearing and its 
retained austenire level (y* in vol %) ranging from 30 15 hf *^ under lubrication m the presence of foreign 
to 35 vol %. The area ratio is defined as: (the area of f atter ' m * F1G 9 * a gra P h f h ™& the relationship 
carbonitrides present in the surface layer/unit ^^ween the retained austemte level (v^ in vol %) in the 
area)X 100%, where the surface layer refers to that rac J es a ^ r ° 1Im S elements of a ball-and-roller bearing 
zone which is by a desired level, say, 0,2 mm, deep from and lt& life C L ^> under lubrication in clean conditions, 
the surface. 20 ^ ne cm see from FIGS, 8 and 9 that the life of bear- 
One can see from FIG, 6 that in order to insure that in £ (Lil $ varies as the 'retained austenite level (y R in vol 
the surface hardness (Hv) is increased (to 750 Hv and % ) varies. It can also be seen that given the same re- 
more as will be discussed later) for the range of retained tained austenite level (y^ in vol %), the life of bearing 
austenite level {yn in vol %) that is optimal for extend- ( L *o) differs between iubrication in the presence of 
ing the life of bearings, the area ratio of carbonitrides 25 foreign matter and lubrication in clean conditions. In 
present in the surface layer per unit area must be at least tne ti&ht of these observations, one must find an appro- 
10%, If the area ratio of carbonitrides present per unit priate range for the retained austenite level (y/* in vol 
area is less than 10%, the surface hardness is below 750 %) that is necessary for insuring a long service life of 
Hv and unable to compensate for the drop in surface bearing (Lio) under both conditions of lubrication, 
hardness for the optimal range of retained austenite 30 If the levei of retained austenite {yn) in the surface 
levels (yn in vol %). layer is less than 25 vol %, the above-mentioned effect 
For the reasons set forth above, the area ratio of of the retained austenire (i.e., reducing the stress con- 
- carbonitrides present in the surface layer per unit area is centration which would otherwise occur at the edges of 
-specified to be 10% and more indentation due to dust particles) cannot beXully exhib- 
it should be noted here that the amount of carboni- 35 ited. 
trides can be controlled by adjustment of various pa- If the level of retained austenite (y*) in the surface 
rameters such as the contents of carbide forming ele- layer exceeds 45 vol % t its stress concentration reduc- 
ments and the tempering temperature. fog e ff ec£ i s saturated and the surface hardness of the 
No more than 3 |xm in terms of the grain size largest bearing will decrease rather than increase, which sim- 
carbomtrides present in the surface layer 40 piv resu i ts ' m a lowered fatigue resistance. 
FIG. 7 is a graph showing the relationship between For reas0 ns, the level of retained austenite (y R ) 
the grain size of largest carbonitrides (jxm) and the life in the surface layer is limited t0 ]ie within the r of 
of bearing (Lio) expressed m terms of the number of 25 to 45 vol % 

repeated stresses (in cycles) due to rolling under total- At least 750 Hv m terms of the surface hardness of the 

cation m clean conditions, 45 surface 3ayer 

One can see from FIG. 7 that the life of bearing (Lio) r? Tr - * n i* ~ ^ * 

becomes shorter if the grain size of carbonitrides A f2i^*£2f ^ T^F ^ , 

ceeds 3 urn. This is because carbonitrides of the larger the /^ ce hardness (Hv) and the life of bearing (L,o) 

grain size become a source of stress concentration, ^ Stf*^ I™ I*" ?*^*J^>^>^ 

which increases the chance of the occurrence of cracks 50 ™f 1 V s ^phshowing the relationship between the 

and other defects. Thereby the rolling life of the bearing ff face h2rdnes f (Hv) and the life of bearing (Lie) under 

is shortened lubrication m clean conditions. 

For these* reasons, the grain size of largest carboni- ° ne can ses from FIGS ' 10 and 11 that Respective of 

trides present in the surface layer is specified to be no the conditions of lubncation, the life of bearing (Lio) 

more than 3 p,m< 55 becomes short very abruptly if the surface hardness is 

25 vol retained austenire (y R ) in the surface " less thm 750 Hv - Thi$ is because unless the surface 

layer ^45 vol % ' hardness is at least 750 Hv and more, the fatigue resis- 

Foreign materials in lubricants, etc. will cause inden- tanC€ of tne bearing is deteriorated and its life (L30) is 

tations to occur in the rolling surface layer. Cracks that shortened whether lubrication is effected in the pres- 

are prone to develop at the edges of such indentations 60 ence of foreign matter or in clean conditions, 

are closely related to the level of retained austenite (yj? For these reasons, the surface hardness of the surface 

in vol %) in the surface layer. The specific nature of layer of the bearing material is specified to be at least 

retained austenite varies somewhat with the carbon 750 Hy. 

content of the bearing material but it is usually soft and While the term "surface layer" has been used herein- 
viscous. Therefore, if the retamed austenite is allowed 65 above, it means the range of a layer that extends from 
to be present in a desired proportion in the rolling sur- the surface, to a certain desired depth, such as one that 
face layer, the stress concentration at the edges of in- corresponds to of the average diameter of rolling 
dentations can be sufficiently reduced to suppress the elements where a maximum shear stress will develop. 
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Examples of the carbides as mentioned herein include 
FeaC and examples of the carbonitrides include 
Fe 3 (CN)4. 

EXAMPLES 5 

The- following examples are provided for the purpose 
of further illustrating the present invention but are in no 
way to be taken as limiting. 

An ordinary Case-hardening steel (SCr 440), a bearing 
steel (SUJ 2) and S45C were used as bearing materials 10 
and they were subjected to the heat treatments de- 
scribed below. Table 1 shows which bearing materials 
(as identified by test piece No.) were subjected to which 
heat treatments. 15 
Heat treatment A: 

A sample was subjected to a carbonitriding treatment 
at 870" C. for 5 h in an Rx gas atmosphere with 0.3 to 
0.7% En enriched gas and 5 to 10% NH3 gas. Thereaf- 
ter, the sample was left to cool at room temperature, 2Q 
then held at £40* C, for 30 min, followed by quenching 
and tempering. 
Heat treatment B: 

A sample was subjected to a carbonitriding treatment 
at 870° C, for 5 h in an Rx gas atmosphere with 0,3 to 25 
0.7% En enriched gas and 5 to 10% NH 3 gas. Thereaf- 
ter, the sample was left to cool at room temperature, 
then left to stand at 600* C. for 3 h, left to cool at room 
temperature, again held at 840* C. for 30 min, followed 
by quenching and tempering. 30 
Heat treatment C: 

A sample was subjected to a carbonitriding treatment 
at 840° C. for 3 h in an Rx gas atmosphere with 0.3 to 
0.7% En enriched gas and 5 to 10% NH3 gas. Thereaf- 
ter, the sample was held at 840" O for 30 min ? followed 35 
by quenching and tempering. 
Heat treatment :D: 

A sample was held at 840° G. for 30 min, quenched 
thoroughly and tempered. 

Heat treatment E: 40 
A sample was subjected to an ordinary carburizing 

treatment at 930' C. for 5 h 7 then to direct quenching, 

followed by tempering. 

Heat treatment F; 

A sample was subjected to an ordinary carburizing ^ 5 

treatment at 930° C. for 5 h> then left to cool at room 

temperature, and held at 840° C. for 30 min, followed by 

quenching and tempering. 

Heat treatment G: 5Q 

A sample was subjected to a high-concentration car- 
burizing treatment at 930° C, for 5 h ? then to direct 
quenching, followed by tempering. 
Heat treatment H: 

A sample was subjected to a high-concentration car- 55 
burizing treatment at 930* C. for 5 h, then left to cool at 
room temperature and held at 840 fl C. for 30 min, fol- 
lowed by quenching and tempering. 
Heat treatment I: 

A sample was subjected to a carbonitriding treatment g 0 
at 8 70 9 C. for 5 h in an Rx gas atmosphere with 0.3 to 
0.7% En enriched gas and 5 to 10% NH3 gas. Thereaf- 
ter, the sample was subjected to direct quenching and 
tempered. 

Among the heat treatments A to I, it was in A, B and 65 
C that carbonitriding and hardening heat treatment 
were conducted in accordance with the present inven- 
tion. 
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TABLE 1 






Heat 


Saanple No. 


Bearing material 


treatment 


Example 1 


t . 

ordinary ca&e^hardeTiing 


A 




Si eel. ^rW 






Q'.QAyb, Cr: 1.05% 




Exarcple 2 


ordinary case- hard eating 


D 




steel: SCr 440 






C: 0.4%, Cr: L05% 




Example 3 


bearing sleel: SUJ2 


C 




C: 1.0%, Cr: 1.5% 




Example 4 


bearing steels SUJ 2 


A 




C: 0.4%> ivlo; 1.2% 




Example 5 


bearing steel: SUJ2 


A 




C: 0.4%, V: E .0% 




Example 6 


bearing steel: 


A 




C: 0.4%, Cr: 27%, 






Mor 1.0%,, V: 0.5% 




Comparative 


S45C 


A 


Example 1 


C: Q.459S? 




Comparative 


bearing; steel: SUJ2 


D 


Example 2 


O 1.0%, Cr; 1,5% 




Comparative 


ordinary case-hardening 


E 


Example 3 


steel: aUr 440 






C: 0.4%, Cr: 1.05% 




Comparative 


ordinary case-Hardening 


F 


Example 4 


3teel: SCr 440 






C: 0.4%, Cr: 1.05% 




Comparative 


ordinary case-hardening 


G 


Example 5 


steel: SCr 440 






O 0 4"% Cr- i OS^ 




Comparative 


ordmary case- hardening 


G 


Example 6 


steel: SCr 440 






C; 0.4%, Cr: 1.05% 




Comparative 


ordinary case-hardening 


H 


Example 7 


steel: SCr 440 






O 0.4%, Cr: 




Comparative 


ordinary case-hardening 


I 


Example E 


Steel: SCr 440 






C: 0.4%, Cr: 1.05% 





Each of the test pieces that were subjected to heat 
treatments A to T was investigated for the contents of 
carbon and nitrogen (wt 92>) in the surface layerv the 
area ratio (%) of carbonitrides present in the surface 
layer per unit area* the grain size of largest carbonitrides 
(fim) present in the surface layer, the retained austenire 
level (yjg in vol <%) of the surface layer, the surface 
hardness (Hv) of the surface layer, and the life of bear- 
ing (Lio) under lubrication in the presence of foreign 
matter and in clean conditions. The results are shown hi 
Table 2, FIG, 7 shows the relationship between the 
grain size of largest carbonitrides (fxm) present in the 
surface layer and the life of bearing (Lio); FIG. 8 shows 
the relationship between the retained austenite level 
(jr in vol %) of the surface layer and the life of bearing 
(Lie) under lubrication in the presence of foreign mat- 
ter; FIG. 9 shows the relationship between the retained 
austenite level (yj> in vol %) of the surface layer and the 
life of bearing (Lio) under lubrication in clean condi- 
tions; FIG. 10 shows the relationship between the sur- 
face hardness (Hv) of the surface layer and the life of 
bearing (Lio) under lubrication in the presence of for- 
eign matter; and FIG. II shows the relationship be- 
tween the surface hardness (Hv) of the surface layer and 
the life of bearing (Lio) under lubrication in clean con- 
ditions. Hie numerals on and around the curves in 
FIGS. 7 to 11 are keyed to the identification numbers of 
the respective test pieces. 

The life of bearing was evaluated, by a thrust life test 
using a thrust testing machine of the type described in 
"Tokushuko Binran (Handbook of Specialty Steels)", 
First Edition, compiled by Denki Seiko Kenkyusho, 



5,338,377 
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published by Rikogakusha, May 25, 1969, pp. 10-21. 
The testing conditions were as follows: 

Lubrication in the presence of foreign matter 

Area] pressure; 4900 MPa 5 
Number of revolutions: 3000 cpm 
Lubricating oil: Turbine oil #68 
Foreign matter (dust particles): 300 ppm of Fe3C 
particles in the lube oil 

Hardness = HRC 52 10 
Grain size =74 to 147 

Lubrication under clean conditions 
Areal pressure: 5200 MPa 

Number of revolutions: 3000 cpm 15 

Lubricating oil: Turbine oil #68 

Each test piece was considered to have reached the 
end of its life when cracking or flaking discernible ei- 
ther with the naked eye or under a microscope devel- 
oped, The quantitative expression of the life (Lio) is 20 
equivalent to the cumulative number of revolutions 
(cycles) up to the point of time when 10% of the test 
pieces of each sample came to the end of their life. 

TABLE 2 
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The test piece prepared in Comparative Example 1 
contained Cr, Mo and V in an amount less than 1 wt %, 
so the level of carbonitrides in the surface layer de- 
creased to shorten the life of bearing (L40). 

The test piece of Comparative Example 2 was pre- 
pared by performing an ordinary heat treatment (D) 
and, hence, its life of bearing (Lio) was also short. 

The test piece- of Comparative Example 3 was pre- 
pared by an ordinary carburization method, so Its re- 
tained austenite level (yj?) was appropriately in the 
range of 25 to 45 vol % but, on the other hand, the 
surface hardness (Hv) of the surface layer was less than 
750 Hv and, hence* its life of bearing (Lio) was short. 

The test piece of Comparative Example 4 had a re- 
tained austenire level (jr) lower than 25 vol % } so its 
life of bearing (Liq) was short ? particularly under lubri- 
cation in the presence of foreign matter. 

The test pieces of Comparative Examples 5, 6 and 7 
had been subjected to high-concentration carb urination, 
so macrocarbides was followed and their life of bearing 
(Lio) was short, particularly under lubrication in clean 
conditions. 

The test piece of Comparative Example 8 and had not 









Surface layer 






Life of bearing 






Maximum 






Retained 


Lubrication 


Lubrication in 






carbonitricie 


Carbonitride 


Surface 


austenite 


under clean 


the presence of 


Test piece 


C + N 


size 


area ratio 


hardness 


level 


condition 


foreign matter 


No. 






(%) 


<Hv) 


(vol %) 


(Lio) 


(LlQ) 


Example 1 


1.4 


1.2 


11 


790 


35 


9iX SO 7 


35.0 X 10* 


Example 2 


L4 


1.2 


14 


£05 


33 


1 1.0 x io 7 


43.0 X 1G 6 


Example 3 


1.5 


2.7 


15 


807 


34 


9.6 X 10 7 


42.1 X I0 6 


Example 4 


\A 


0,6 


10 


797 


33 


9.0 x 10 7 


40.0 X 10 6 


Example 5 


I A 


0.7 


10 


7S8 


35 


8.5 X 1C 7 


34.1 X 10 6 


Example 6 


t.4 


1.2 


17 


820 


31 


io.s x io 1 


45.0' X IO* 5 


Comparative 


1,2 


0.9 


3 


691 


37 


1.3 X 10 7 


5.8 X 10* 


Example 1 












1.4 X 10 7 


1.9 X 10* 


Comparative 


1.0 


1.8 


7 


76S 


10 


Example 2 












3.7 X 10 7 


7.3 X 10* 


Comparative 


LD 


1.6 


2 


718 


34 


Example 3 












5.7 X 1C 7 


5.7 X 10* 


Comparative 


1.0 


L6 


7 


752 


17 


Example 4 












1,0 x io 7 


20.0 X 10 6 


Comparative 


1.4 


10,0 


9 


772 


33 


Example 5 












2.0 X 10 7 


12.0 X 10* 


Comparative 


1.2 


4,2 


6 


748 


32 


Example 6 












1,6 X IO 7 


7.0 X 10* 


Comparative 


1.4 


10.0 


12 


775 


18 


Example 7 












6.0 X I0 7 


11.0 X io 6 


Comparative 


i.2 


12 


3 


735 


35 


Example 8 

















The test pieces prepared in Examples 1 to 6 contained 50 
0.2 to 1.0 wt % of carbon and at least 1 wt % in total of 
one or more elements selected from among chromium, 
molybdenum and vanadium and, after they were car- 
bonitrided and subjected to a hardening heat treatment 
in accordance with the present invention, the area ratio 55 
(%) of carbonitrides present in the surface of each test 
piece per unit area was at least 10% > the grain size of 
largest carbonitrides (jum) present in the surface layer 
was no more than 3 /xm, the retained austenite level (yj() 
Of the surface layer was 25 to 45 vol %> and the surface 60 
hardness of the surface layer (Hv) was at least 750 Hv. 
Tables 1 and 2, as well as FIGS, 7 to 11 demonstrate 
that those test pieces had a longer life of bearing (Lio) 
than the other test pieces. 

The improvement in Lto was particularly great with 65 
the test piece of Example 2 which had been subjected to 
heat treatment B and with the test piece of Example 6 
which had the largest sum of Cr, Mo and V. 



been subjected to a hardening heat treatment in accor- 
dance with the present invention, so its life of bearing 
(JLio) was short, particularly under lubrication in clean 
conditions. 

In the examples described above, SCr 440 and SUJ 2 
were o used as bearing materials; however, it should be 
understood that these are not the sole case of the present 
invention and that other bearing materials such as SUJ 
3 and SUJ 4 may of course be employed as long as they 
contain Q.2 to L09fc of carbon and at least 1 wt % in 
total of one or more elements selected from among 
chromium, molybdenum and vanadium. 

As described on the foregoing pages, according to 
the present invention, a bearing material that contains 
0.2 to L0 wt % of carbon and at least 1 wt % in total of 
one or more elements selected from among chromium,, 
molybdenum and vanadium is subjected to a carboni- 
triding treatment, followed by a hardening heat treat- 
ment in accordance with the present invention to make 
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an alloy steel in which the area ratio of carbonitrides 
present in the surface layer of said bearing material per 
unit area is adjusted to be at least 10%, a maximum grain 
size of carbonitrides present in said surface layer being 
no more than 3 \im f the content of retained austenire 5 
(yjO in said surface layer being 25 to 45 vol % } and said 
surface layer having a surface hardness of at least 750 
Hv. Since at least one of the races and rolling elements 
of the ball-and-roller bearing of the present invention is 
made of this alloy steel, the contents of carbon and 10 
nitrogen that must be dissolved in order to insure opti- 
mal levels of retained austenire (yp) and carbonitrides 
can be increased without causing the precipitation of 
macrocarbides: Using this alloy steel, ball-and-roller 
bearings can be produced that have a longer life and 15 
which exhibit higher reliability than the prior art prod- 
ucts not only under lubrication in the presence of for- 
eign matter but also under lubrication in clean condi- 
tions. 

What is claimed is: 20 
L A ball-and-roller bearing comprising races and 
rolling elements, at least one of said races and rolling 
elements being made of an alloy steel that contains 0.2 



to 1.0 wt % of carbon and at least 1 wt % but not more 
than 18 wt % in total of one or more elements selected 
from among chromium* molybdenum and vanadium, at 
least one of said races and rolling elements having been 
subjected to carbonitriding and hardening heat treat- 
ment* such that the area ratio of carbonitrides present in 
the treated surface layer per unit area is in the range of 
10%™ 17%, a maximum grain size of carbonitrides pres- 
ent in said surface layer being no more than 3 jxm, the 
content of retained austenite (yjO in said surface layer 
being 25 to 45 vol %, and said surface layer having a 
surface hardness of at least 750 Hv. 

2. A ball-and roller bearing according to claim 1, in 
which the chromium content is limited to lie within the 
range of 1.0 to 13.0 wt %. 

3. A ball-and roller bearing according to claim 1, in 
which the molybdenum content is limited to he within 
the range of 0.5 to 3.0 wt %. 

4. A ball-and roller bearing according to claim 1, in 

which the vanadium content is limited to lie within the 

range of 0.2 to 1.0 wt %. 

* * * # # 
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